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Structure of Neutron and Strange Stars

Important observables:

e Mass — limits softening from ‘exotic’ compo-
nents (hyperons, Bose condensates, quarks)

Limits highest possible density in stars
Accumulating evidence for Mq; > 1.5 Mg

e Radius — limits isospin dependence of nuclear
interactions

o /N 1/4
Ro P4 (1 - 2n,, x ~ 0) x (d@ng (n))
| ’ \ dn

1—2n4,x>~0
P uncertain to factor ~ 6
Different physics (Mmaz # f(Sv(n)))
Must disentangle Roo = R/+/1 — 2GM/Rc?
New information for Sy(n < ny) from PREX
Beware of small R — strange star inference
(Usov & Page 2002)
e Temperature-Age — possible indicator for ex-
istence of ‘exotic’ interior composition
3C58, Vela (e.g. S. Tsuruta’s talk)
Beware of uncertainties in 7", distance

Degenerate rapid cooling/superfluid models

Large My,qz + rapid cooling — direct nucleon
"URCA?
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Generél Constraints on Structure
e GR: R> Ry, = 2GM/c? = :2.95Mf‘-46—> km
e GR + causality: R > 1.52R,j, = 4.48—1\—/1]% km

(Lattimer et al. 1990; Glendenning 1992)
® GR: Myae < 4.2,/2* Mg, (Rhoades & Ruffini

"74)
e Binary Pulsar PSR 1913+16: M,,,,, > 1.442 Mg
* R independent of M in range 0.5-1.5 Mg
e Wide range in Ry 4: 9-16 km
® No Myqz — Ry 4 correlation: “stiffness”?
e dln P/dIn p =~ 2: polytrope n ~ 1
e Wide variation: 1 < P(ps)/MeV fm ™3 < 6
Newtonian polytropic relations:
P =Ky = Kpl+l/n
R o K/ (3—) pg(1-n)/(3-n)
With n ~ 1, R K1/2M0 Pl/zp“l.

GR phenomenological result (Lattimer & Prakash
'01):

Roc K1/4 o pl/4,=1/2



Thorsett & Chakrabarty (1999); Nice et al. (2001); Nice (2003); Quaintrell et ol. (2003)
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Quasi-Periodic Oscillators (QPOS)

van der Klis et al.; Kaaret, Ford & Chen;
Zhang, Strohmayer & Swank |
4U 1636-536: 1171 Hz upper peak frequency

‘Sonic-point beat-frequency model associates
this frequency with the Keplerian frequency of
inner edge of accretion disc near marginally
stable orbit.

GM

Rps = 6— (Schwarzschild Q¢ = 0)
C ,
Since R < Ry,
| . o
M < c P (IOOO Hz) Mo,
2Ty 216GVK VK
R <194 (1000 HZ) km
I/K ‘
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Important Analytic Solutions in GR
1. Incompressible Fluld (Schwarzschild 1916),
Psur face # 0, cs — OO

3GM\1/3
p = Pc R=(4 )

\ *TPc
6‘—?;% 4forP<oo

2 Tolman VII (1939), psur face = 0:

p=nei- ()] r=(22)"

3. Buchdahl (1967), pg,,, face =0:
p02 =+ PP, —

=15 \/2GP*(1 —28)

4. Variant of Tolman IV (1939); Neary, Lake &
Lattimer (2003), psyr face # 0, c? ~1/3:

6158 +58 (f)°
o\ 5/3
(2-58+38(%)°)
i 2 _9 2/3 2-5 +5 q
P 5[, e-w (2-58 6/(;@))
“2-58+5(R)" | (2- 5ﬂ+3ﬂ(n))

4mpR? =B (2 — 2B)*/3
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Maximum Possible Density in Stars
If EOS “known” up to fiducial density ps and causal
above py:

1/2
Mpar ~ 4.1 ('D Sat) Ms (Rhoades & Ruffini 1974)
Pf

Psat = 2.7 x 104g cm—3

| 1/2
R por = ?,GM’;"‘“'"”C =181 (2%}  km
C Pf )

Most “compact” EOS is incompressible fluid:

3
Pc,Inc = A (3G) M2 5.5x10° (M | g cm

- This EOS violates causality, pgyr face 7 0-
- Phenomenologically, no “realistic” EOS has a gm&ter
pc than Tolman VII solution (p = p¢[l — (r/R)?]):

This is the MAXIMUM density possible.

2.2 Mo = pmaz < 2.9 x 1015g cm 3

o 15 (Mo 3
PcVII = 5Pc,Inc = 138 x10° { — | g em™
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Compact Star Radii from Thermal Observations

Blackbody
LxBB,s = 4"R% 3B 0 TX BB.o
Roo = R/\/1 — 2GM/Rc?>  Tw = Ty/1—2GM/Re?
Loo = L(1 — 2GM/Rc?)

Optical Rayleigh-Jeans Tail

2 /
Lopt’m —_— 47I'R0pt’000' Topt’m

2 /
LoptBB,0o = 47TRXBB,OOU I'xBB,~

Optical Excess
f= Lopt,oo/LoptBB,oo ~ o —10
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Conclusions
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